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ABSTRACT 

Accurate photodissociation cross sections have been obtained for the A ^ 
X ^S"*" electronic transition of HeH+ using ab initio potential curves and dipole 
transition moments. Partial cross sections have been evaluated for all rotational 
transitions from the vibrational levels f " = — 1 1 and over the entire accessible 
wavelength range AAIOO — 1129. Assuming a Boltzmann distribution of the rovi- 
brational levels of the X state, photodissociation cross sections are presented 
for temperatures between 500 and 12, 000 K. A similar set of calculations was 
performed for the pure rovibrational photodissociation in the X electronic 
ground state, but covering photon wavelengths into the far infrared. Applica- 
tions of the cross sections to the destruction of HeH"*" in the early Universe and 
in UV-irradiated environments such as primordial halos and protoplanetary disks 
are briefly discussed. 

Subject headings: molecular data — molecular processes — early Universe — 
ISM: molecules — photon-dominated regions 



1. Introduction 

Photodissociation is an important mechanism for the destruction of interstellar molecules 
in diffuse and translucent clouds, in photodissociation regions, in circumstellar disks, in pro- 
toplanetary disks, and many other environments with an intense ra diation field . HeH "'' is 



believed to be one of the first molecules formed in the early Universe (iLepp et al.ll2002l ). Its 



abund ance is kept low d ue to photodissociation by the cosmic background radiation (CBR) 



field. ISchleicher et al.l ( 120081 ) . however, have suggested that HeH+ can efficiently scatter 



CBR photons and may generate detectable fluct uations in the cosmic microwave background 



Within the Galaxy, iRoberge fc Dalgarnd ( 119821 ) discussed the possibility of observing HeH"*" 
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in gaseous nebulae. However, to date it has not been detected. Searches in the plane- 
tary nebula N GC 7027 have placed u pper limits on i ts abundance through observations of 
its vi brational ( iMoorhead et al.lll988[ ) and rotational ( iLiu et al.l 119971 : iDinerstein fc Geballe 
200ll ) lines. Intensive UV radiation from the central white dwarf may result in efficient 
photodissociation, providing insight into the low abundance of this molecular ion. 

A number of HeH"*" photodissociation calculations have been performed over the last 



three decades (ISaha et al. 
1984 : Dumitriu fc SaenzT 



1978 



20091 



Flower & Roi 


lefi 


1979 


Sodoga et al. 


2009|). 



However, they were primarily focused 
on the A X ^S^ e l ectron i c transition from t h e gro und v ibrational leve l . Th e lat- 



ter work of iBasu fc Barual (119841 ). iDumitriu fc Saenzl ( 20091). andlSodoga et al.l ( 120091 ) also 



considered transitions to higher electronic states, while iBasu &: Barual (Il984( ) obtained cross 
sections from vibrational levels v" = — 5, but for a single rotational level. As a consequence, 
the available HeH'*' cross section dataset is far from complete, which hinders the ability to 
accurately model its abundance. In all but the lowest density environments (e.g., diffuse 
interstellar clouds), excited rovibrational levels of HeH"*" are expected to be significantly 
populated. 

To partially address the lack of a comprehensive dataset of HeH^ cross sections, we have 
performed extensive photodissociation calculations for both the X ^ X 



HeH+K', J") + hu^ He(ls' 'S) + H 



(1) 



and A ^ X ^E" 



HeH+(t;", J") + ^ He+(ls 'S) + H(ls "5), 



(2) 



transitions using the most accurate available molecular data. Calculations were performed for 
the full range of 162 bound rovibrational levels [v", J") in the ground electronic state using 
quantum-mechanical techniques. Local thermodynamic equilibrium (LTE) cross sections, 
which assume a Boltzmann distribution of rovibrational levels, are also computed. In Section 
2, an overview of the theory of molecular photodissociation is presented as well as the adopted 
molecular data. The partial cross sections as well as the LTE photodissociation cross sections 
for HeH+ are presented in Section 3, while Section 4 briefiy highlights the astrophysical 
importance of the results. Atomic units are used throughout unless stated otherwise. 
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2. Theory and Calculation 



2.1. Potential curves and the Dipole Transition Moments 

Accurate ab initio calculations of th e ground electronic X ^S^ potential energy including 
adiabatic corrections have been made by lBishop fc CheungI (119791 ) and are adopted here. For 
internuclear distances R> 10 ao, a smooth fit to the ab initio potentials have been performed 
using the average long-range interaction potential, 

ad 



V,. 



(3) 



where ad is the static dipole polarizability of the neutral hydrogen or helium atom. We adopt 
the values an = 4.5 and ane = 1.38309. For R < 0.9 ao, the potential curves have been 
fit to the short-range interaction potential form 74exp(— Si?) -f C. For X ^S"*", we obtain 
a dissociation energy from v" = 0, J" = of 1.844 eV using a reduced mass of 1467.3243 
a.u. This is very close to the accurate non-Born-Oppenheimer, nonrelativisitic computation 
of 1.845 eV, which included first-order relativistic corrections. oflStanke et al.l (120061 ) and in 
agreement with the value of 1.844 eV obtained by Bishop fc Cheung ( 19791 ). 



Ab initio calculations of the excited electronic A S+ state are obtained from Kraemer et al 



(I1995I ) and smoothly fit by the same approach. The A potential energy is shifted so that 
the asymptotic energies as R 00 exactly match the difference in experimental H and He 
ionization potentials. As a consequence the maximum possible wavelength for a bound-free 
A ^ X transition from the highest-lying rovibrational level in the ground electronic 
state is less than 1129 A. 

The electr ic dipole moment function f or the ground state X was obtained from the 
calculations of lJufek. Spirko. fc Kraemeii (119951 ) over the range 0.9 < i? < 3 an, while the 
A ^E"*" X ^E"*" electric dipole transition moment function was adopted from lKraemer et al. 



(I1995I ) over the range of 1.0 < R < 30.0 a^. At short-range, both dipole moments were fit 
to the form AR^ + BR. For i? > 30 ag, the ground state dipole function was fit to the form 
AR/5, while the transition dipole moment was found to fit well to the form 3.7 x lO'^/R'^. 



2.2. The photodissociation cross section 

The expression for the cross section for a bound-free tr ansition fro m initial state i to 
final state / for an electric dipole transition is given by (e.g., lRaull2002l ) 



phj 



27T'e'h df 
mc dEp^ ' 



(4) 
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where Ep^ is the photon energy and m the mass of the electron. The continuum differential 
oscillator strength is defined in the length gauge as 

T7T^^ph|($/(r,i?)|r1«f.(f,i?)p, (5) 



where $(r, i?) is the total molecular wave function, r the electronic coordinate vector, and 
R the internuclear vector. Inserting Eq. (j5]) into Eq. ([4]) and using the definition of the 
fine-structure constant, a = e^/hc, gives 

47r2 

a^^Ep^) = —aEp^\{<^f{f,R)\r^Mr,R)\'- (6) 

Taking all quantities in Eq. (E]) in atomic units, but expressing the cross section in cm^, the 
numerical value of the pre-factor becomes 2.689 x 10^^^. Applying separation of variables for 
the electronic and nuclear coordinates of $, the electric dipole transition moment function 
is defined as 

Df\R) = {Mm)mm)), iv 

where integration is taken over all electronic coordinates and (f){r\R) is the electronic molec- 
ular wave function for fixed R. The rotational photodissociation cross section from initial 
rovibrational level v"J" can then be written as 



ai!,AEp^) = 2.689 x lO'^'E^,, (^T^^^'I^^Vyv-r) 



cm^, 



[e.g.. lKirby fc van Dishoecklll988l ). where the Honl-London factors, Sji{J"), can be expressed 
for a E E electronic transition as 

^ ( r- 1, J' = J"-1 (P-branch) 
^'^ ' I J" + l, J' = J" + l (R-branch). ^ ' 

^k'j' v"j" ~ {Xk'j'{R)\D-^''{R)\Xv"j"{R)) is the matrix element of the electric dipole transition 
moment for absorption from the rovibrational level v"J" in state i to the continuum k'J' in 
state /, with the integration taken over R. J is the angular momentum of nuclear motion, 
and g is the degeneracy factor given by 

2 - (5o,A'+A" /.^N 

where A' and A" are the angular momenta projected along the nuclear axis for the final and 
initial electronic states, respectively. The continuum wave functions Xk'j'{R) are normalized 
such that they behave asymptotically as 

Xk'j'{R)-^sm{k'R-^J' + r]j,) (11) 
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where rjji is the phase shift. The bound and continuum rovibrational wave functions, 
Xv"j"{R) and Xk'j'{R), respectively, are solutions of the radial Schrodinger equation for 
nuclear motion on the i and / state potential curves, respectiv ely. The wave functions 
were obtained numerically using the standard Numerov method (ICooleyl Il96ll : iBlattI 119671 : 



Johnsonlll977l ) with a step size of 0.001 ao over internuclear distances 0.1 < i? < 200 ao. 



Results and discussion 



3.1. Partial cross sections for the A^X electronic photodissociation 

A sampling of the partial cross sections cr^"j" for the A 4— X transition are 
presented in Figures [T}|1] as a function of the photon wavelength A. In Figure [H the partial 
cross sections for photodissociation of HeH"*" from the rovibrational level v" = 0, J" = 1 
are presented and compared to previous calculations. T he current calculation s are s hown 



to be in excel l ent ag reement with the earlier results of iRoberge fc Dalgarno 



Basu fc Barual (119841 ). while the cross section peak obtained bv lSaha et al.l (119781) is s een to 



19821 ) and 



be s hifted to long e r wav elengths. The more recent calculations of iDumitriu fc Saenzl (120091 ) 
and Sodoga et al.l (120091 ) include contributions from transitions to higher electronic states of 
HeH"*", which are not considered in the current work. In most astrophysical environments, 
there are few photons at such short wavelengths so that our neglect of the higher electronic 
transitions is reasonable. Nevertheless, ther e is ex cellent agreement between the current 
calculations and th ose of iDumitriu &: Saenzl (120091 ) for A > 440 A and good agreement 
with the results of ISodoga et al.l (120091 ). though their A ^ X peak is shifted to shorter 
wavelengths. 

Experimental studies of molecular photodissociation is largely an unexplored area of 
research and we are aware of only one measureme nt for IIeH+ performed at the free- 
electron laser in Hamburg by iPedersen et al.l (120071 ). They obtained a cross section of 
fl. 4 ± 0.7) X 10"^^ cm^ bu t for fragmentation into H+ and He(ra > 2) at 320 A. While 
the IDumitriu fc Saenzl (120091 ) and lSodoga et al.l (l2009l) cross section s show n in Figure [1] also 
include the H(n > 2) + He"*" fragmentation channels, ISodoga et al.l (120091 ) find good agree- 
ment with the measurements when only the H"*" -|- He channels are considered. Indirectly, 
this suggests that the current calculations at somewhat longer wavelengths are consistent 
with experiment. 

Figure [2] shows our results for the partial cross s ections frorn the v ibrational level v" = 
8, J" = 1 in com parison to the ear lier calculations of ISaha et al.l (1l978l ). As for the v" = 0, 
J" = 1 case, the ISaha et al.l (119781 ) cross sections are shifted to longer wavelengths. Given 
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the ionization potentials of H and He and the binding energy of the v" = 8, J" = 1 level, the 
photodissociation threshold is 1123 A, which is consistent with the current results. Further, 
the current v" = 8^ J" = 1 binding energy is in excellent agreement with the value obtained 



by lZygelman et al.l ( Il998l ) 



Additional cross sections are presented in Figure [3] for v" = 10 and all bound J" and 
in Figure m for f" = — 11, for J" = 0. While not shown, good agr eement is found with 
the A X, f " = 1 — 5, J" = 1 cross sectio n s of iBasu fc Barual (119841 ). Good agreement is 
also found with the results of ISodoea et~aD J2009h for v" = 0. J" = 10 and v" = 1, J" = 0, 
though their cross sections are again somewhat shifted to shorter wavelengths. 

We note that our cross sections include results from rovibrational levels which are very 
near the dissociation limit for which there is, as yet, no experimental evidence in some cases. 
These are typically the last rotational level in each vibrational manifold including v", J" 
= (0,23), (1,21), (2,20), (3,18), (4,16), (5,14), (6,12), (7,10), (8,7), and (9,5), but also all 



10 and 11 levels. All but v",J" = (0,23) were obtained bv IZveelman et al 



using a similar approach, while the non-Born- Oppenheimer method of IStanke et al. 



(19981) 
I2OO6) 

predicts that v",J" = (11,0) is bound. However, transitions involving the v" , J" = (0,23) 
(1,21 ), and (2,20) levels have been detected in a number of experiments (e.g.. 



Liu fc Davies 



3.2. LTE cross sections for A^X photodissociation 



The total quantum-mechanical cross section for photodissociation as a function of both 
temperature T and wavelength in local thermodynamic equilibrium (LTE) is given by (e.g.. 



Argyroslll974l ) 



a(A,T) 



J2v" 9iv"J" exp [-(-Eg - E^nj»)/kbT](T^»jn{X) 



(12) 



QrcR+ (T) 

where a Boltzmann population distribution is assumed for the rovibrational levels in the 
electronic ground state, giv"j" = 2J" + 1 is the total vibrational-rotational statistical weight. 
Eg is the binding energy of the lowest rovibrational level, k^, is the Boltzmann constant, and 
QHeH+ (T) is the partition function given by 



QueH+iT) = '^'^giv"j" exp [-{Eg - E^nj„)/k^T]. 



(13) 



v" J" 



In both Eqs. f|T2|) and f|T3|) . Eg and the binding energies E^n j,, are taken as positiv e quantities 



We ob tain partition functions in excellent agreement with those computed by lEngel et al. 



(I2OO5I ) for T=l-4000 K, but our values are somewhat smaller for higher temperatures. 
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Figure [5] displays LTE cross sections for the A ^ X photodissociation transition 
as a function of the wavelength for temperatures between 500 and 12, 000 K as given by 
Eq. f[T^ . The threshold wavelength at 1129 A corresponds to the asymptotic energy gap 
between the A ^S"*" and X ^S"*" electronic states. As the temperature increases, the cross 
section for wavelengths between ~800 and 1129 A increases dramatically, though the peak 
cross section near 500 A decreases. In particular, for T > 3000 K, the cross section longward 
of the hydrogen Lyman limit becomes significant. 



3.3. The partial cross sections for X^X rovibrational photodissociation 

For irradiated environments with photon wavelengths much greater than the Lyman 
limit, photodissociation via pure rovibrational transitions may be dominant although the 
cross sections are typically small. For example, in Figure |6l the partial cross section for rovi- 
brational photodissociation in the X ^S"*" electroni c state for v" = 8, J" = 1 is presented and 



comparison is made with the earlier calculations of ISaha et al.l (119781 ). As for the A^X case, 
there is a significant shift in the threshold wavelength likely due to an inaccurate binding 
energy calculation in the earlier work. Additional examples of rovibrational photodissoci- 
ation for the X ^ X transition are given in Figures [7] and [HI Figure [7] displays 
photodissociation from the ground rovibrational level {v" = 0, J" = 0) which has a thresh- 
old of 6732 A and a peak cross section magnitude that is ~10^ times smaller than for the 
A ^S"*" X ^E"*" electronic transition. Figure [7] also displays cross sections from v" = and 
a selection of J". Orbiting resonances due to quasi-bound levels are evident for J" > 5 near 
thresholds. Figure [8] displays similar results, but for J" = and a selection of v". We are 
unaware of other previous rovibrational photodissociation calculations for HeH"*". 



3.4. LTE cross sections for X^X rovibrational photodissociation 

Assuming a Boltzmann population distribution of rovibrational levels in the ground 
electronic state, LTE cross sections are computed for gas temperatures between 500 and 
5000 K. Figure M shows LTE cross sections for the X ^ X photodissociation of 
HeH"*" as a function of the wavelength. For T less than ~1000 K, the LTE cross section peaks 
at a wavelength corresponding to the v" = 0, J" = threshold. Photons in this wavelength 
range are primarily responsible for photodestruction of HeH"^. For higher temperatures, 
the population in highly excited v", J" levels contributes substantially to the cross section 
increasing its value at large wavelength. 
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4. Astrophysical Applications 



The p ossible presence of HeH"*" in a strophysical environments was probably first dis- 
cussed by iDabrowski fc HerzbergI (119781 ) , while early rnodels of i ts abundance an d emis - 
sion li nes in gaseous nebula e were performed by iBlackl (Il978[ ) and lFlower fc Rouefll (Il979l ). 
Later, iRoberge fc Dalgarnd (Il982l ) gave a comprehensive discussion of the mechanisms for 
the formation and destruction of HeH"'" in astrophysical plasmas. Over the s ubsequent three 



decades, th e role of HeH+ has been co nsidered in a variety of environments. IZygelman et al. 



(119981 ) and lStancil fc Dalgarnd ( 1l998l ) discussed the formation of HeH+ in supernova ejecta, 
planetary nebulae, high- 2; Lya clouds, and broad-line clouds. Searches for its rotational and 
vibrational emissions f eatures, focu s ing on planetary nebula NGC 7027, have so far been 
unsuccessful. However, iMiller et al.l (Il992[ ) proposed a tentative identification in the ejecta 
of supernova 1987A, but this has yet to be confirmed. Here we discuss three environments 
in which HeH+ is expected to have a significant abundance and the possible impact of the 
current photodissociation cross sections including the early Universe, population HI objects, 
and protoplanetary disks. We do not provide photodissociation rates as they are sensitive 
to the properties of the local radiation field including its shape, intensity, and attenuation 
via the local dust and gas. Instead, we provide cross sections to facilitate calculation of local 
photo-rates. 

In the recombination era of the early Universe, radiation from the GBR field can effi- 
ciently dest roy HeH"*" through t he X ^S"*" X ^E "* " rovibrational transition until a redshif t 
of z ~ 300 dCalh fc Fallal Il998[ Istancil et al1ll998[ llepp et al.l[2002l : ISchleicher et~aDl2008h . 
Early Universe chemical models typically obtain the destruction rate via detail balance from 
the radiative association rate coefficient. Given that HeH"*" has a dipole moment, the GBR 
field will likely thermalize the rovibrational populations. The current results, shown in Fig. 
m could be used to improve such calculations by directly obtaining the photodissociation 
rate due to the GBR field. For illustrative purposes, both the X-(— X and A^X LTE cross 
sections for a gas temperature of 1000 K are plotted in Fig. [10] and compared to black- 
body radiation curves for a number of radiation temperatures T^. For z between ~1000 and 
300 {Tr ~3000 and 1000 K), the X^X transition dominates the photodissociation, but for 
higher z the A<^X transition will become important (see also Fig. [5]), though it is neglected 
i n current models. For 1000 < z 5, 3000, r aodels predict a platea u in the HeH"*" abundance 



(IZygelman et al.l Il998t IStancil et al.l Il998l : ISchleicher et al 



20081 ). While the abundance at 



this redshift is small, it would likely be further suppressed due to photodissociation via the 
A-(— X transition. 



In lMiyake et al.l (120101 ). we considered the photodetachment of H due to far UV (FUV) 
sources prior to the reionization epoch including population HI (Pop HI) stars and the high- 
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z intergalactic medium (IGM) radiation field. Once a Pop III star is formed, tlie HeH"*" 
present in its primordial halo, which consists of baryonic and dark matter, will be exposed 
to an intense FUV stellar radiation field. As Pop III stars are expected to be massive, they 
will emit e ssentially black body radiation with effective temperatures Tgff between ~30,000 
and 10^ K (jSchaereiil2002l ). Figure [TO] illustrates that Pop III stellar radiation will photodis- 
sociate HeH+ through both the A ^ X ^5]+ and X ^5]+ ^ X ^2+ transitions with 



the A-(— X contribution increasing with Tg^. iRoberge fc Dalgarnd (119821 ) computed A^X 
photodissociation rates for 20, 000 < Toff < 500, 000 K for complete blackbodies and with a 
24.6 eV cut-ofT accounting for He I continuum opacity. However, the Pop HI FUV radiation 
will carve-out a surrounding H II region resulting in a 13.6 eV cut-off at the Lyman limit 
(reducing the rate), but the densities in the molecular region may be high enough for the 
HeH"*" level populations to approach a thermal distribut ion. The latter effect is lik ely to 
increase the rate, as suggested by Figs. O and [TUl since iRoberge &: Dalgarnd (Il982[ ) only 
considered photodissociation from v" = 0, J" = 1. Further, the B-(— X, C-(— X, and higher 
electronic transitions will play little role due to Lyman limit or He I cut-offs. On the other 
hand, the high-redshift IGM radiation field is expected to have a Lyman limit cut-off, to 
be modulate d by H I resonant a bsorption, and to behave as a power-law at longer wave- 
lengths (e.g., iMiyake et al.ll2010l ). so that HeH+ present in the outer molecular regions of 
primordial halos exposed to the IGM field would be photodissociated primarily through the 
X ^ X transition. 

Photoprocesses are known to have a significant influence on molecular gas in proto- 
planetary disks as they are exposed to int ense UV radiation fro ni the young star (e.g., 
van Dishoeck. Jonkheid. fc van Hemertll2008l ) and the accretion disk (IFrance. Yang, fc Linsky 
20 111 ) and to infrared radiation from dust grains fe.g..lGorti fc Hollenbachll2004l ). As pointed 
out by Ivan Dishoeck. Jonkheid. fc van HemertI (120081 ). the environment of a protoplanetary 
disk is likely to be vastly different from average interstellar conditions including i) dust 
grains with different sizes and properties, ii) varying spectral shapes of the incident UV radi- 
ation, iii) higher intensity radiation, and other factors. Therefore, pre-computed photo-rates 
cannot be readily applied. The gas temperature is typically ~50 K in the mid-plane, but 
increases with height and towards the star, reaching a few 1000 K in the inner disk. The 
dust temperat ure decreases from ^400 K in the inner disk to ~100 K in the mid-plane of 
the outer disk (iGorti fc Hollenbachll2004j). Effective stellar temperatures range f rom 4000 K 
for a T Tauri star to ~30,000 K (Ivan Dishoeck. Jonkheid. fc van HemertI 1200 8l ). while the 
accretion shock radiation is expected to approach t he Lyman limit with intensit ies 10^ to 
10'^ that of the standard interstellar radiation field (IFrance. Yang, fc Linskyll201ll ). For the 
high densities (10^ to 10^ cm~^) in the disk, the HeH"*" rovibrational populations would be 
expected to be thermalized so that LTE photodissociation cross sections would be appro- 
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priate. While Ivan Dishoeck. Jonkheid. &: van HemertI (|2008[ ) mention that HeH"*" cannot be 
photodissociated, Figure [TO] suggests that photodissociation can occur due to dust and cooler 
stellar radiation through the X^X transition. Hotter stars, and in particular the intense 
accretion radiation, may dominate the photodissociation rate through the A<(— X transition 
shortward of 1129 A. However, intense Lya, from T Tauri stars, which may contribute to 
the photodissociation of other molecular, will have a negligible effect for HeH"*". 



5. Conclusions 

Using ab initio potentials and dipole moment functions, accurate cross section calcula- 
tions have been performed for the photodissociation of HeH"*" through the A ^E"^ X ^E"*" 
and X ^S"*" X transitions. The partial cross sections have been evaluated for all the 
rotational transitions from the vibrational levels v" = — 11 of the X electronic state. 
LTE cross sections are also calculated for temperatures between 500 and 12, 000 K. The 
resulting cross sections are applicable to the destruction of HeH"*" in the early Universe and 
in UV irradiated molecular regions including primordial halos, photodissociation regions, 
and protoplanetary disks. To facilitate the calculation of local photo-rates for particular 
astrophysical environments, all photodissociation cross section data can be obtained from 
the UGA Molecular Opacity Project website ( |http:/ /www.physast. uga.edu/ugamop/ ). 

This work was supported by NSF Grant AST-0607733 and HST-AR-11776.01-A which 
was provided by NASA through a grant from the Space Telescope Science Institute, which is 
operated by the Association of Universities for Research in Astronomy, Incorporated, under 
NASA contract NAS5-26555. 
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Fig. 1. — The partial photodissociation cross sections a^njn as a function of wavelength A for 
the A X transition of HeH "'' from the v i bratio nal level v" = (with J" = 1 ) . Soli d 

line, current cal culation; dotted line, Saha et al. (jl978 ): d ashed line Basu fc Barua ( 1984 ): 
long dashed li ne, Roberge fc Dalgarno ( 19821 ): dot-dash line, Dumitriu fc Saenzl ( 2009 ): dash- 
dot-dash line, ISodoga et al.l ( l2009l ). Note the latter two calculations also include contribu- 
tions from higher excited electronic states which give contributions for A < 450 A. 
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Fig. 2. — Same as Fig.l, but for v" = 8 ,J" = 1. Solid line, current calculation; dashed line, 
Saha et all (1l978h . 
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Fig. 3. — The partial photodissociation cross sections cr^'/j" for the A ^ X transition 
of HeH+ for v" = 10 and all J". 
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Fig. 5. — Total HeH+ A ^ X LTE photodissociation cross section for temperatures 
from 500 to 12,000 K. The v" = 0, J" = partial cross section is also plotted for comparison. 
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Fig. 6. — The partial photodissociation cross section of v" = 8, J" = 1 for the X ^E"*" ^ 
X rovibrational transition. Sohd hne, current calculation; dashed line 



Saha et al. 



(119781). 
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Fig. 7. — The partial photodissociation cross sections for the X ^ X rovibrational 
transition for v" = and select J". 



-20- 




Fig. 8.— 



Same as Fig. 7, but for J"=0 and select v". 
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Fig. 9. — Total HeH+ X ^ X LTE photodissociation cross section for temperatures 
from 500 to 5000 K. The v" = 0, J" = partial cross section is also plotted for comparison. 
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Fig. 10. — Total HeH"'" LTE photodissociation cross section at 1000 K for both the X ^ 
X and A ^ X transitions. Blackbody radiation curves (dotted hnes) for 
various radiation temperatures are plotted for comparison. 



